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1. Stejskal-Tanner Plots for the Li* Diffusion in Solution
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Figure S1 Stejskal-Tanner plots for the Li* diffusion in viscous polyethylene glycol
dimethyl ether (liquid) at 120 °C measured by Hahn echo pulse sequence. (a) g was fixed
at 14.9 Tm and & varied 0.2 to 4 m for A= 20, 50, and 70 ms, and § was varied 0.2 to 3
ms. (b) & was fixed at 2 ms and g was varied 1.04 to 14.9 Tm™* for A= 20, 50, and 70 ms.

The sample was a liquid polyethylene oxide-based electrolyte doped with LiN(CF3S0z)2 [1]. The Li
diffusion in the viscous sample exhibited A- and g-dependent phenomena at room temperature. To
confirm homogeneous diffusion at the high temperature of 120 °C, the measurements were
performed (a) with a fixed g and varying 6 and (b) with a fixed and & varying g. The anomalous
diffusion effects appeared slightly in a & fixed g varied plot at A= 20 ms. Several years later, when the
sample was left at room temperature to find out why, the sample had turned into a normal
homogeneous liquid.

2. Stokes-Einstein Relation of H.0

Stokes-Einstein (SE) relation is written as

kT
D =

(1)

cTnrg

D (diffusion coefficient) and n (viscosity) are experimental data at temperature T. The r; is the
Stokes radius of a diffusing molecule (assumed) and cis a constant between 4 and 6. The SE relation

. 1 kT | . ) .
can be rewritten as D = pp— Using the reported experimental values of D and n for H;O, D is

N

plotted versus kT/mn in the wide temperature range as shown in Figure S2. From the gradient, crs
value can be evaluated.

Page 1/6



Recent Progress in Materials 2023; 5(2), d0i:10.21926/rpm.2302014

1x107° | o
b ,/ 4
y
///0
| 25°C ol
3x10° | < s0°C
3 i o
P
o o
‘_';71 [ ! // 4
2 8 |
2 2x107 g E
g L |
S I 905"’ ]
1x107 4 R
L-34°C o ‘ 1
Y 5°C
0 " 1 n 1 n 1 n 1 " 1
0.0 5.0x1077  1ox10® 15x107% 20x10M 2.5x107F

kT/mn (m3s™)

Figure S2 According to Stokes-Einstein relation, the diffusion coefficient Duyo is plotted
vs kT/mn in the temperature range from -34 to 50°C. D: -34~25°C: Price WS, Ide H, Arata
YJ. Phys Chem A. 1999; 103: 448-450. 10.1021/jp9839044. D: 5~50°C: Holz M, Heil SR,
Sacco A. Phys Chem Chem Phys. 2000; 2: 4740-4742. 10.1039/b005319h. n: -34~20°C:
Dehaoui A, Issenmann B, Caupin F, 12020-12025, PNAS. 2015; 112.
www.pnas.org/lookup/suppl/doi:10.1073/pnas.1508996112/-/DCSupplemental. n:
2~50°C: https://wiki.anton-paar.com/jp-jp/water/, accessed June 15, 2021.

Experimental gradient, crs = 671 pm. A widely accepted rs (H30*) = 141 pm gives ¢ = 4.8.
3. Nernst-Einstein Type Plots of Dii-6 and Ne-o for Inorganic Solid Electrolytes

The relationship between Dy and o is one of the most important subjects in electrochemistry.
Following the Nernst-Einstein (NE), the relations for solid inorganic electrolytes are given as follows

[2],

kTo(T)

2D (1)’ @

D.(T) =

N ez O-(T)’ NNE =
NE

The experimental values of D were plotted versus o in Figure S3 (a) and Nt calculated from Dy;
and o values were plotted in Figure S3 (b). The Dy were obtained as an equilibrated value at long A
at room temperature including recently published values.
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Figure S3 (a) Du versus o at room temperature except for the garnets for which the
temperatures are shown; c-LLZO at 58°C [3], LLTO [4], LAGP [5], amorphous and crystal
LisPS4 [6], B-LisPSs [7], LizS11P3 [8, 9], LGPS [10, 11], LLZO-Ta and LLZO-Al-Ta at elevated
temperatures [12] and LLZO-Ta single-crystal [13]. (b) The carrier number, Ncarrier
estimated by the NE equation plotted versus o.

A detailed description was given in References [14] and [15].

4. Stack Plots of Real and Magnitude Components for 1 mm Disk Sample of Single Crystal of LLZO-
Ta Placed Vertically to the PFG Direction

The Fourier transformed spectra of the echo-attenuation decay are observed in the PFG-NMR
measurements following the pulse sequence in Figure 2. The signals consist of real and imaginary

components and the magnitude is calculated by magnitude = \/realz + imaginary?. Mostly,
similar patterns of real components and the calculated magnitude are observed. When the
diffracted patterns are observed, the real component includes negative values.
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Figure S4 Stack plots of echo attenuation spectra for the disk sample (1 mm thick, 4 mm
diameter) placed vertically to the PFG direction (g = 10.0 Tm™), at A = 10 ms with varying
6 = 0.2 to 8 ms (60 points) at 28°C. The signal position was set near 0 Hz. The echo
attenuation signals were observed from & = 0.2 ms (top) to 6 = 8 ms (bottom). Left:

magnitude, right: phase sensitive real mode.
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Figure S5 The normalized intensities of real component and the magnitude are plotted
versus 6 (left) and the Stejskal and Tanner plots vs b in the semi-logarithmic graph (right).

5. Stack Plots of Real, Imaginary, and Magnitude Components for the 1 mm Disk Sample of the
Single Crystal LLZO-Ta Placed Horizontally to the PFG Direction

Unusually, the real and imaginary components of the echo attenuation decays show sinusoidal
patterns. This is the first observation for the thin disk sample of a single crystal of LLZO-Ta placed

horizontally to the PFG direction.
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Figure S6 The stack plot profiles of echo attenuation decays for a 1 mm disk sample
placed horizontally to the PFG (g = 10.0 Tm™%), at A = 10 ms with varying § = 0.2 to 8 ms
(60 pints) at 28°C. The signal position was set near 0 Hz and the echo signals were
observed at § = 0.2 ms (top) to 6§ = 8 ms (bottom). Left: real mode, middle: imaginary
mode, right: magnitude mode. This is the first observation of sinusoidal patterns in the
real and imaginary components.

The plots of the three components versus 6 are shown in Figure 9.
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